Introduction
Precipitation is the main source of water for both soil and plants. The major importance of precipitation for plants is in the vegetation period when they are especially vulnerable to water deficit. This period is called the critical period, and the lack of precipitation during this period reflects to a large extent on the yield level. The analysis of atmospheric precipitation in Vojvodina, in the period 1972 -2011, carried out by Munćan. M. (2016) states that of the 40 examined years, 11 years were with an annual precipitation level of below 500 mm, 6 years with an annual sum of precipitation of 500-550 mm and 4 years under 600 mm. Despite the average 604 mm precipitation in Vojvodina, in the observed forty years, due to unfavourable distribution and strong evaporation, especially in the summer months, there is a lack of water required for field crop cultivation.
The greatest share of field crop production in the Republic of Serbia is realized in the Vojvodina region. About 52% of the total area under cereals and over 92% of area under industrial plants are planted in this area (Bošnjak, Rodić, 2010) . Family farms represent the most important carriers of the organization of field crop production in Vojvodina. According to the 2012 Agricultural Census, the number of these farms in Vojvodina amounted to 146,269, which makes 23.3% of the total number of holdings/farms in the Republic of Serbia. In the ownership structure of the farms in the Vojvodina region, farms of over 10 hectares make 21.5% of the total number of farms and utilize 77.5% of the arable land. The results of the Agricultural Census have directed the focus of these surveys on family farms of over 10 ha of size.
The subject of the research presented in this paper is the production of basic field crops with the use of irrigation on the family farms of Vojvodina. The main objective of the research is to assess the economic impact of irrigation in the production of basic field crops (wheat, maize, sunflower, soybean and sugar beet) on family farms of Vojvodina.
Starting from the subject matter, and taking into account the set goal of the research, the basic hypothesis of this work is: the application of irrigation can be used in the function of increasing the economic effects of the production of basic field crops and achieving better business results and operation performance of family farms. 
Materials and methods
The data collected by the survey of 75 family farms, focusing exclusively on field crop production from the South Banat 2 area, was used as the primary data source. The South Banat region was put in the focus of this research because of the results of the 2012 Census of Agriculture showing that this area, in comparison with other areas of the Vojvodina region, it is characterized by the following: greater share in the total used agricultural and arable land, and in the total number of family holdings/farms; greater share of basic field crops in the sowing structure of the arable land of family farms and larger number of family farms of 10-100 ha and their share in the total volume of production of basic field crops of the region of Vojvodina. The survey of family farms focusing exclusively on field crop production in the South Banat area, in the period 2011-2014, was used as the material for this research. The survey covers family farms of 10-100 ha of arable land and five basic field crops (maize, wheat, sunflower, soybean and sugar beet), which are regarded as basic/essential because of the fact that, in the period of the survey 2011-2014, they represented on average annually 86% of the arable land of family farms of this area. All surveyed family farms, from the territory of the South Banat region, were classified according to the size of the area of used arable land in three range groups (10-20 ha, 20-50 ha and 50-100 ha).
Based on the representation of certain types, subtypes and soil varieties in the pedological map of Vojvodina (Živković et al., 1972) , all surveyed family farms were classified in two variants: When calculating the value indicators, the four-year (2011-2014) average prices realized by the surveyed family farms were used. Average prices were used in order to avoid the extreme effects of natural conditions on outputs achieved in certain years, as well as the annual fluctuations in the price of inputs and outputs resulting from distorted market relations.
The selection of research methodology has been harmonized with the subject of research on one and the volume and quality of data, on the other hand. Since research issues are primarily of an organizational and economic nature and that the subject of research is the organizational, i.e. the production system, on which experiments cannot be conducted, the general method applied in this paper was a modelling method. The models allow agricultural producers to analyse their current and expected situation http://ea.bg.ac.rs in the future, gain a better insight into problems, find solutions to specific problems in the future and perceive their consequences so that they can act in accordance with possible alternatives, or make the right choice which, in their opinion, is the optimal for the given situation (Todorović, 2008) . In addition to the method of model, the method of calculation and method of comparison of the achieved results were used for the estimation of the economic effects of the application of irrigation in the production of basic field crops, and the results of the research are presented in les and graphs.
Research results and discussions
Irrigation is a part of the complex modern agro-practice of cultivating agricultural plants and obtaining high yields. According to study by Stojković, L., from year 1954, in Vojvodina, the irrigation eliminates the unfavourable effect of longer or shorter dry periods, and the crops are supplied with water to the optimal needs. In soil that is irrigated, organic matter decomposes faster, plant nutrients are activated faster and more intensively and are used to a greater extent by the crops, the weeds on irrigated soils develop faster and more efficiently, after irrigation, a surface soil layer is created, which contributes to some extent to the diminishing of the soil structure. Therefore, in the irrigation conditions, the intensive fertilization by mineral and organic fertilizers should compensate for the utilized nutrient reserves, which is confirmed by the results of numerous studies (Babović et al., 2004; Grujančić et al., 2008; Maksimović et al., 2010) according to which timely application of adequate quantities of mineral nutrients is necessary in order to achieve high, good quality, stable and economically justified yields of field crops by using irrigation. By frequent and impeccable cultivation, crops must be kept free of weeds, and the soil structure must be constantly repaired and maintained by proper basic treatment and appropriate crop rotation. If these settings are not sufficiently accounted for, after a few successful years, at the beginning of the application, the irrigation will lead to unintended consequences, that is, to the exhaustion of the soil and destruction of its structure.
The mentioned facts stipulated that when constructing a model of family farms, it was assumed that the maximum effects of soil utilization, genetic potential of cultivated plants and irrigation application can only be expected if an appropriate amount of mineral fertilizers was applied.
In Serbia, irrigation systems, according to the 2012 Census of Agriculture, covered 85,593 hectares of land, of which a total of 53,086 hectares were irrigated. The share of irrigated area in relation to the total agricultural land used in 2012 was around 1%, which is the lowest in Europe. The most common type of irrigation is irrigation by artificial rain. Of the total irrigated area, 93% is irrigated using the artificial rain, 1% is irrigated by superficial irrigation, and by drip irrigation 6% of the area. These statistical indicators have determined the selection of irrigation systems that will be used in the construction of models in this study. Namely, in order to construct a model of family farms that apply irrigation, the self-propelled rain cannon (typhoon) irrigation system was selected. This irrigation system, despite its high energy consumption per work time, requires the lowest investment and is especially suitable for use on small plots (Potkonjak, Mačkić, 2010) . By using a self-propelled rain cannon, in relation to the linear mobile system and the mobile rain wing, cultivated field crops give the highest yields, and the arrangement of the water sediment is most balanced (Miodragović, 2009) . Based on the above said, as well as on the conditions in the field where the surveyed family farms operate, for each variant an irrigation system was designed.
The irrigation system in variant I consisted of a water catchment which involved digging and equipping wells (according to the experimental data collected on the surveyed area, the depth is about 50 meters), the installation of a primary pipeline with filtration (diesel pump, polyethylene hoses and a sand separator), the installation of a secondary pipeline (hydrant networks) and supply of water distributor (self-propelled rain cannon -typhoon). Total investment in such a system, including preparatory works (cleaning of the ground and marking of the pipeline route, earth and construction works), is amounted to 3,604,800 RSD (Table 1) .
In variant II, the irrigation system is somewhat less expensive. In the immediate vicinity of the largest number of parcels, there is a built canal network for drainage and irrigation. As this system did not require digging and equipping wells, the total investment included: preparatory work, installation of a primary pipeline (diesel pump, polyethylene hoses), a secondary pipeline (hydrant networks) and the purchase of a water distributor (selfpropelled rain cannon) and amounted to 3,058,800 RSD ( Table 1) . Source: Calculation by the author based on data collected in the survey
The variable costs of using such dimensioned systems, for the projected system performance of 0.18 ha per hour, which include fuel, oil and lubricants for the diesel pump, the cost of operation of the tractor 20 kN for transportation and system setup ( Source: Calculation by the author based on data collected in the survey
The analysis of atmospheric precipitation in the area of Vojvodina, in the period from 1972 to 2011, showed that the maize, sugar beet, soybean and, to some extent, sunflower crops are most often endangered by water deficit ( Table 3) . Wheat crop, both variants, cultivated on surveyed farms exclusively as winter crop, was supplied with sufficient amounts of water from atmospheric precipitation, especially in June, which was also registered as a month with the highest rainfall in the period of vegetation, (average precipitation in the observed forty year period was 87.4 mm/m 2 ), so further research does not anticipate the use of irrigation. Source: Calculation by the author based on previous research studies Based on the identified water deficit and the projected variable costs of using the irrigation system and the surface of each crop in the structure of the sowing, the costs of irrigation of basic field crops on the surveyed family farms were calculated, according to the groups of farms, both variants ( Table 4) . 
The effects of irrigation of field crops
In order to assess the economic effects of irrigation, first the yields were evaluated based on the results of research by numerous authors (Dragović, 1994; Maksimović, 1999; Dragović et al., 2001; Bošnjak, 2004; Maksimović et al., 2004; Bošnjak, Pejić, 2004; Dragović et al., 2005; Pejić et al., 2007; Pejić et al. 2010 ; Kresović et al., 2012; Pejić et al., 2012) . The calculation of the costs of irrigation of field crops was based on the estimated water deficit that should be compensated by irrigation and variable costs of using the self-propelled rain cannon.
The increased quantities of mineral fertilizers, due to the application of irrigation and the achievement of higher yields, were calculated based on the results of soil fertility analysis of the types represented and the recommendations of professional agricultural services for optimal use of mineral fertilizers. Source: Calculation by the author
The smallest family farms would have the most significant effects from the application of irrigation (Table 5) . Namely, the yields and the value of maize and sunflower production on these farms of variant I would increase by 62% and 61%, respectively. In case of the largest family farms of variant I, this increase would be: in the production of maize 49%, sunflower 40% and sugar beet by about 50%. At the same time, in case of the farms of all sizes, variable costs would be significantly increased due to the application of irrigation and increased quantities of mineral fertilizers.
The value of the net effect of the production of basic field crops on commercial farms using irrigation calculated as the difference between the increased value of production and the increased variable costs is given in Table 6 . Source: Calculation by the author
The greatest net effect from the application of irrigation on crop cultivation was also realized on the smallest family farms, slightly less on farms of 20-50 ha, while the least effects were realized on the largest farms of the size of 50-100 ha.
Farms of the variant II were similar to variant I. The most significant effects of irrigation were realized on family farms of 10-20 ha, and the least effects on the farms of 50-100 ha ( Table 7) . Source: Calculation by the author
The calculated net effect of intensifying the production of basic field crops (Table 8) showed that the application of irrigation was fully economically justified in all groups of farms of variant II. Source: Calculation by the author
The most significant increase in the gross margin per hectare of arable land by application of irrigation in the production of basic field crops was realized on the smallest family farms, in case of variant I it was 87%, and variant II, this increase was 146%. Contrary to small farms, a significantly higher level of intensity, which was realized on farms of 50-100 ha, recorded significantly lower effects from the application of these measures -32% for farms of variant I and 43% for variant II (Figure 1 ). The impact of irrigation expressed in terms of income per unit of area and by an active member of the household engaged exclusively in agriculture resulted in an increase of 74% on the smallest family farms of variant I and more than two and a half times on the smallest farms of variant II. On the largest family farms, the application of irrigation showed moderate increase of these indicators, especially in case of farms of the variant I -21%, while in case of farms of the variant II this increase was 41% (Figure 2, Figure 3 ). 
Conclusion
The derived economic indicators fully confirmed the initial hypothesis that the application of irrigation can be successfully used in the function of increasing the economic effects of the production of basic field crops and achieving better operating results of the family farm business. Considering that the smallest family farms (size 10-20 ha), due to their economic strength and technical equipment, apply a significantly lower level of intensity in the production of basic field crops, compared to family farms of 50-100 ha, the greater possibilities for increasing the economic effects from the application of irrigation were recorded on these farms. Namely, by applying irrigation on family farms size of 10-20 ha, the yield of maize would increase from 62% to 101%, while the sunflower yield would increase from 61% to 70% depending on the type of soil. Also, the gross margin of these farms would increase from 87% to 146%, while the income per active member of the farm operating exclusively in agriculture could increase from 74% to 102%.
